stress causes oxidative stress in the plant cell resulting in excessive electrons leakages which lead to enhancement of reactive oxygen species (ROS) generation (Asada, 2006) . The cell is considered as the major site of salinity injury (Mansour, 1997) where salt stress changes the composition of the plant plasma membrane.
A metabolic adaptation which enables plants to cope with osmotic stress, involves an increase generation of osmoprotectants, as proline and total free amino acids. Compatible osmolytes not only provide osmoregulation but they may also protect the structure (Hare et al., 1998) or act as free-radical scavengers that protect DNA from damaging effects of ROS (Ashraf and Foolad, 2007) . Proline accumulation has been reported to balance the deleterious effects of salinity. Moreover, it considered as organic nitrogen reserve that used during stress recovery (Sairam and Tyagi, 2004) . In addition, proline is larger accumulated amino acid in the plants under abiotic stress (Irigoyen et al., 1992) . Moreover, K + is essential for enzymes activation, osmotic pressure regulation, and membrane polarization (Kaya et al., 2007) . As the K + is involved in multiple previous plant activations, the Na + /K + ratio is a good indicator for salt tolerance in wheat (Zheng et al., 2008) . However, excessive production of ROS under salt stress usually result in lipid peroxidation and enhance K + leak from the cell by stimulating K + efflux channels (Cuin and Shabala, 2007) .
Salicylic acid (SA) is a hormone-like substance plays an important role in photosynthetic rate, stomatal conductance, elevating antioxidative protection (Xu et al., 2008) , and reducing the accumulation of Na + and Cl - (Gunes et al., 2007) . The effect of SA on plant growth and metabolism is still a matter of controversy in consideration of different plant species, salinity intensity and SA doses (Horvath et al., 2007) .
The aim of this work is to evaluate the difference in salt tolerance of three broad bean genotypes and to determine the efficiency of SA in the alleviation of the harmful effects of salt stress on those broad bean plants. Growth, photosynthetic pigments, electrolyte leakage, accumulation and distribution of proline, proteins and total free amino acids were evaluated. In addition, the change in Na + /K + ratio in the old and young leaves due to salt treatments was also evaluated.
Material and Methods

Plant material and treatments
In this investigation seeds of three broad bean genotypes (Vicia faba L.): Wardy, Assiut125 and Assiut 84/4 were provided by Faculty of Agriculture, Assiut University, Egypt. Seven seeds were sown in each pot containing 5 kg of clay soil. All pots were watered to the soil water content with tap water until the appearance of third true leaves. Pots were placed in an open air under natural conditions. Three replicates treatments were classified into two groups; the first group represents the salinity stress treatment at four levels (0.0, 50, 100, 150 mM) and the second group represents the interaction between salinity stress at different levels and SA at 0.5 mM as follows: (0.0+SA, 50+SA, 100+SA, and 150+SA mM). Plants in each pot were sprayed with 20 ml SA at the age of 35 days however plants in the first group were sprayed with distilled water only. At 55 days after sowing (DAS), the plants were harvested to determine their NaCl salt-tolerance and to clarify further insights on their physiological responses.
Shoot Dry Weight and Height
The shoot dry weight and height were expressed as g plant -1 and cm shoot -1 , respectively.
Electrolyte Leakage
Relative electrolyte leakage or the membrane integrity index was calculated as a percentage of :
[REC = (EC 1 /EC 2 ) × 100] Where EC 1 and EC 2 are the electrolyte conductivities measured before and after boiling respectively (Shi et al., 2006) .
Photosynthetic Pigments
Contents of Chlorophyll and chlorophyll b , total carotenoids were estimated by the spectrophotometric method recommended by Lichtenthaler (1987) and were expressed as mg g -1 FW.
Determination of Proteins
Soluble protein and total protein content of root, stem and leaves were determined according to Lowry et al. (1951) and expressed as mg g -1 DW.
Total Free Amino Acids
Free amino acids were determined according to Moore and Stein (1948) as mg g -1 DW.
Determination of Proline
Free proline content of root, stem and leaves were determined according to (Bates et al., 1973) and was calculated as mg g -1 DW.
Measurments of Minerals K + and Na + content was estimated by Williams and Twine (1960) using Carl Zeiss flame photometer as mg g -1 DW.
Statistical Analysis
Data were analyzed using SPSS. Significance between means among different treatments and the ±SE were exhibited by Duncan's test at 5% (Gomez and Gomez, 1984) .
Results
Growth Parameters
Shoot length and shoot dry matter decreased by increasing salinity level. The reduction percent in shoot length was 13%, 13.5% and 31% in Wardy, Assiut 125 and Assiut 84/4 respectively at the highest salt level (Fig. 1) . The percentage of reduction in shoot dry weight at 150 mM was about 33%, 40% and 48% in Wardy, Assiut 125 and Assiut 84/4 respectively (Fig. 2) . SA treatment induced marked increase in both shoot length and shoot dry matter at the different NaCl levels. The stimulation percentage in the shoot dry matter at 150 mM level was 9%, 25% and 43.7% comparing with their corresponding untreated Wardy, Assiut 125 and Assiut 84/4 plants respectively.
Electrolyte Leakage
Electrolyte leakage of the three broad bean genotypes showed significant increase by increasing Nacl salt stress. The higher degree of membrane injury caused by salinity was recorded at the highest salinity level used (150 mM). There were marked variations among the different broad bean genotypes response, the cell permeability increased by about 28.5%, 59.6% and 118.5% in Wardy, Assiut125 and Assiut 84/4 genotypes respectively at the highest salt stress used (Fig. 3) . SA obviously inhibited the electrolyte conductivity under the different salinity levels comparing to their corresponding non-treated stressed plants.
Photosynthetic Pigments
The different fractions of photosynthetic pigments (Chl.a, Chl.b, Carotenoids) markedly decreased by increasing salinity level (Table 1 ). The highest reduction occurred at the highest salt stress dose. The reduction in Chl.a at 150 mM was about 12%, 33% and 37.5% in Wardy, Assiut 125 and Assiut 84/4 respectively. SA treatment enhanced the photosynthetic pigments content under the different salinity levels in the three tested bean plants.
Protein
Soluble proteins markedly accumulated among the different plant parts of Wardy genotype by increasing salinity. In Assiut 125, soluble proteins increased in roots and leaves with little reduction in stem by increase salt levels. In Assiut 84/4, soluble proteins markedly decreased in stem while it gradually increased by increasing salinity level in leaves and to some extent in the root (Table 2) .
SA treatment induced different responses at the different plant organs among the three tested broad bean plants. In Wardy genotype, SA-induced a significant reduction in the soluble protein of root, stem, and in leaves of low salinity levels. Contradictory, SA-induced an increase in soluble protein in leaves in the higher salt levels in relation to the corresponding untreated Wardy genotype. SAinduced an increase in the soluble proteins of stem and leaves but caused a decrease it in the root of Assiut 125 genotype under different salt stress levels used comparing to their control ones. SA-caused a reduction in the soluble proteins of leaves and roots from their relative controls while it caused slight changes in a stem at the different salt levels in Assiut 84/4.
Total proteins accumulations were varied among the studied organs of each genotype. In Wardy genotype the total protein content markedly decreased in stem and leaves with a slight tendency to increase in roots by increasing salinity level. In Assiut 125 broad bean genotype, the total protein content obviously decreased in stem while it increased in root and leaves by increasing salt stress. Total protein content decreased in leaves of Assiut 84/4 but it increased in root and stem by increasing salinity up to 150 mM where it dramatically decreased. Generally, SA treatment enhanced the total protein accumulations in the different organs among the three tested broad bean genotypes under the different salinity levels used comparing to the control plants.
Total Free Amino Acids
Total free amino acids (Table 3 ) markedly enhanced in stem and leaves of Wardy genotype by increasing the salinity level of the expense of root amino acids which reduced by increasing the salinity level. In Assiut 125 total free amino acids decreased in root with a little reduction in stem at the high salt levels. This response was accompanied by marked accumulation of the total amino acids in leaves by increasing salinity. However, Assiut 84/4 exhibited a marked increase in total free amino acids at the different plant parts. SA treatment induced total free amino acids accumulations at the different salt doses used comparing with the control plants.
Proline
Proline changes varied among the three broad beans genotypes. In Wardy genotype, little enhancement was obtained in proline content in different plant parts however; marked accumulation of proline was recorded at 100 mM NaCl especially in the leaves. SA-induced a reductive response in proline in all tested organs except a slight increase was detected in leaves under excessive salinity levels. Proline accumulation in Assiut 125 was commonly increased by salinity. The highest proline content was recorded at 150 mM (Table 4) . SA decreased the proline content in root and stem but enhanced it significantly in leaves comparing to the salt stressed plants. In Assiut 84/4 proline decreased in root but significantly increased in stem and leaves especially at 150 mM NaCl, the highest accumulation was recorded in leaves. SA decreased the proline content markedly at the different salt doses on comparing with their corresponding untreated plants.
Minerals Distribution
The distribution pattern of K + in leaves was opposite to that of Na + and the younger leaves had greater K + concentration than the older leaves under the different NaCl treatment. K + content was commonly enhanced by salt stress. While Na + content was low in young leaves and high in old leaves of Wardy broad genotype, K + content was contrary. In Assiut 125 and Assiut 84/4 genotypes, Na + accumulation markedly increased by salt stress and the absolute Na + content was higher in old leaves than in young ones. K + content in Assiut 125 and Assiut 84/4 genotypes was lesser than in Wardy genotype leaves (Table 5) .
SA application caused marked decrease in Na + content under the different salinity levels and this behavior was more obvious in young leaves of the three studied bean genotypes. However, K + content markedly increased by SA treatment under the different NaCl levels in both old and young leaves of the different broad bean genotypes. SA treatment resulted in marked inhibition in the Na + /K + ratio. Discussion NaCl-salt stress is a limiting factor in plant growth. In order to improve the salt stress deterioration effects, plants exhibited some mechanisms to overcome salt toxicity and decreased water potential in the soil which caused by salinity (Munns and Tester, 2008) .
Salinity markedly inhibited the growth of plants and this may be due to stomatal closure, and the increased generation of ROS in the chloroplasts (Daneshmand et al., 2010) . Salinity, in this study, significantly led to a remarkable decrease in shoot dry weight, plant height and photosynthetic pigments contents. Salt stress generally reduces the plant availability of water leading to a reduction in growth, photosynthesis as well as in some biochemical processes.
Salinity reduced the chlorophyll content in leaves of many crops (Parida and Das, 2005) . The reduction percent of the different studied growth parameters at 150 mM salinity was high in Assiut 84/4 genotype while it was low in Wardy genotype. According to the decrease in the growth parameters, the salt tolerance of the studied bean genotypes ranked the Wardy genotype as the most salt tolerant broad bean genotype followed by Assiut 125 genotype and the Assiut 84/4 broad bean genotype proved to be the most salt sensitive one.
SA foliar application enhances the resistance toward salt stress of many crops (Noreen and Ashraf, 2008) . SA acts as an internal signal molecule that could enable physiological adaptation to the abiotic stress including oxidation damage (Borsani et al., 2001) .
As the salinity injury begins firstly from the cell, the disturbance in cell membrane permeability takes place before other visual deterioration signs of salinity (Mansour, 1997) . In this study, the cell electrolyte loss increased by salt stress among the different tested broad bean genotypes. In turn, the highest level of leakage achieved at 150 mM salt level. The most electrolyte leakage occurred in Assiut 84/4 and the least one detected in Wardy genotype. From these results it can be detected that this parameter has been used as a good and suitable criterion for recognizing NaCl-salt tolerance, this is agreed with (Farooq and Azam, 2006) . Exogenous application of SA succeeded to significantly overcame the cell injury among the different treatments in this study. SA successfully enhanced the different studied plant growth parameters (shoot length, shoot dry weight), leaf chlorophyll, carotenoid contents and membrane injury of plants under NaClstress among the three studied bean genotypes. There were marked differences in SA-stimulation among the different studied bean genotypes. The highest SAenhancement in these attributes was detected in Assiut 84/4 the most salt sensitive genotype. The increase in dry weight of the three bean genotypes under salinity in response to SA foliar application may have a protective role of membranes resulting in an enhancement in the salt-tolerance of these genotypes to damage. This stimulatory effect of SA is agreed with (Gunes et al., 2007) . SA played an essential role in repairing the cell membrane damage and decreasing electrolyte leakage under the different salinity levels among the three broad beans, agreed with (Idrees et al., 2011) .
In this study, total free amino acids especially proline increased under salinity even at low NaCl-salt concentrations. Proline accumulations tended to balance the deleterious effects of salinity. Accumulation of proline and total free amino acids considered a significant biological parameter in salinity tolerance. Proline accumulations in NaCl-salt tolerant plants could be related to the stress adaptation. Soluble protein, proline and amino acids are the most important compatible solutes, play an important role in salt tolerance (Azooz, 2009) .
Salinity resulted in a significant accumulation of proline in the different organs of the studied broad bean genotypes. The highest proline accumulation was detected in leaves and this confirms good translocation of proline from the root and stem towards leaves this may be due to proline participation in the osmotic potential in leaves and consequently in the osmotic adjustment. Low proline content was detected in the most salt tolerant; Wardy genotype under the higher salinity level. Proline accumulation may play a role in plant adaptation within the cell under abiotic stress (Sperdouli and Moustakas, 2012) . Proline accumulation in salt-stressed plants expreses the reduced proline oxidation to glutamic acid which inhibited utilization of proline in protein synthesis and stimulated proteins turnover (Tuna et al., 2008) .
Exogenous application of SA negatively affects the proline accumulation; commonly SA caused a reduction in the proline content along with the total amino acids content of the Vicia faba L genotypes organs by increasing the salt stress. SA acts as an organic nitrogen source that is important during the stress recovery (Sairam and Tyagi, 2004) . SA enhances the uptake of K + under salinity conditions, potassium is important in protein synthesis. Salinity also leads to the generation of ROS inside the plant; this could be responsible for losing the protein and nucleic acids (Kim et al., 2005) .
In this study marked changes in the soluble protein content of the tolerant and sensitive broad bean genotypes against salt stress were exhibited. It was detected that soluble protein content of roots stem and leaves was higher in Wardy genotype (NaCl-tolerant genotype) than in Assiut 125 and Assiut 84/4 (NaClsensitive genotype) bean genotypes, agreed with (Ashraf and Tufail, 1995) in sunflower and (Pareek et al., 1997) in rice. The soluble proteins markedly increased with salinity in the different plant organs , especially in leaves.
With respect to the production of total protein, salinity stress resulted in slight reductions in the accumulation of total proteins in the roots, stems and to some extent in leaves of the most sensitive genotypes (Assiut 125 and Assiut 84/4) than in the most tolerant bean genotype (Wardy). In Wardy broad bean the soluble proteins markedly accumulated by salt stress on the expense of the total proteins that significantly decreased by salinity. This is an adaptation manner of increasing the soluble proteins by hydrolysis of the total proteins in order to share in the cell osmotic adjustment. In this study , few detections of total protein accumulation in plants grown under saline conditions were found and it may act as a storage form of nitrogen that can be used to overcome stress. The reduction in protein under salt treatments has been related to the decline in protein synthesis, accelerated proteolysis, lower availability of amino acids and degradation of protein synthesis enzymes (Jaleel et al., 2007 and Lakhdar et al., 2008) . The enhanced protein carbonization has been used as a good trait of oxidative damage in plants under several abiotic stresses (Miller et al., 2007) .
Commonly, SA enhanced the soluble and total proteins of the different plant parts from their control ones under salt stress especially in leaves; the increase in the total proteins were more obvious. The higher stimulation was detected at the leaves especially in Assiut 84/4 at 150 mM salt concentration, confirming the more stimulatory effect of SA by the most sensitive broad bean genotype under salt stress.
In this study, K + and Na + ions accumulation and distribution among the old and young leaves confirmed the variation degrees of NaCl-salt tolerance of the broad bean genotypes. Both salt-sensitive and salt-tolerant genotypes had a higher Na + accumulation than control. Because the plants keep Na + ions in old leaves, the transportations of them into young leaves were limited. Moreover, K + ion was higher in young leaves than in old leaves with little elevation by increasing salt level, this balance was achieved by transporting K + from old leaves to young leaves through phloem (Wolf et al., 1991) , this mechanism is more obvious in the Wardy genotype; the salt tolerant one which has a greater K + accumulation capacity than the other two salt sensitive broad bean genotypes (Assiut 125 and Assiut 84/4). K + accumulation is important in membrane potential balance and in regulating the osmotic potential (Kaya et al., 2007) . According to (Blumwald et al., 2000) , the decrease in K + concentration due to NaCl may be attributed to a high concentration of exogenous Na + leading to an increase in the Na
Application of SA reduced the adverse effects of salt stress on Na + and K + accumulation and distribution. The ameliorative role of SA on membrane integrity and regulation of ion uptake has also been reported (Erasalan et al., 2007; Gunes et al., 2007) . This protective effect of SA resulted in a decrease in the ratio of Na + /K + , which is a critical marker under salt stress. The reduction in Na + and enhancement of K + in stressed broad bean plants in response to application of SA may cause maintenance of the photosynthesis. According to (Khafaga et al., 2009) , SA treatment and its interactions helped in mitigating the harmful effect of salinity stress on Vicia faba L. by reducing the water loss caused by stress and/or enhancing the water and ions uptake. 
